A study was made to determine suitable plate-inbottle media for enumeration and isolation of the anaerobic faecal bacteria of mice. Comparison of non-selective media indicated that colony counts were higher on M-SMIO, MIO and M-M98-5 than on EG, W & E medium and BHI, and those on M-SMIO were always the highest. Bacteroidaceae counts on M-SMIO, MIO, M-M98-5 were particularly high. On the other hand, in chloroform-treated faeces which contain only Clostridial spores, colony counts were higher on EG and W & E medium than on M-SMIO, MIO and M-M98-5. These results indicate that suitable non-selective media vary according to the bacterial species to be enumerated and isolated.
The caecal contents and faeces of mice contain lOlli_lOll bacteriaJg and almost all are strict anaerobes. Bacteroidaceae are the predominant flora and lactobacilli, Bifidobacteria, Eubacteria, Peptococcaceae and fusiform-shaped bacteria are the next most numerous (Itoh, Mitsuoka, Sudo & Susuki, ]983). The recovery of these predominant anaerobes has been investigated by using various anaerobic culture techniques and media (Lee, Gordon & Dubos, 1968; Aranki, Syed, Kenney & Freter, 1969; Wensinck & Ruseler-van Embden, ]971; Syed, 1972; Harris, Reddy & Carter, 1976; Tannock, 1977; Koopman & Kennis, 1977; Roach & Tannock, 1980; Koopman & Kennis, 1982; Itoh & Mitsuoka, 1985) . Isolation of Clostridia including fusiform-shaped bacteria which play an important role in the mouse caecum has been attempted from faeces treated with chloroform (Itoh & Mitsuoka, 1980 , 1985 or ethanol (Hazen berg & Custers-van Lieshout, 1976) . However, studies comparing different non-selective media for efficiency of isolation of the predominant anaerobes and Clostridia are lacking. ' There are 2 types of media available for the isolation of rumen bacteria: 'habitat-stimulating' medium containing a low concentration of organic matter, and medium containing a high concentration of organic matter (Caldwell & Bryant, ] 966). In this paper, we compare the 2 types of media using the 'plate-in-bottle' method, which is one of the most strict anaerobic culture techniques available for the cultivation, for the predominant bacteria from faeces and for Clostridia from chloroform-treated faeces.
Materials and methods
Animals 8-13-week-old male CF#l and NC mice were used for the isolation of faecal bacteria. They were kept under conventional conditions (CV), fed pelleted diet F-1 (Funabashi Animal Farm Co. Chiba, Japan) and given tap water.
Anaerobic culture techniques
Plate-in-bottle method (Mitsuoka, Morishita, Terada & Yamamoto, 1969) with oxygen-free CO2 gas was used for the isolation of faecal bacteria. Bacteriological procedures were essentially the same as the methods described by Mitsuoka, Terada & Morishita (1973) . Broth cultures of isolates were prepared in an anerobic glove box with 5% Co2, 10% H2 and 85% N2. Colony counts on the plate-in-bottle method were determined after 7 days' incubation.
Media
Recovery of the cultivatable flora was determined in 6 media: 1) M-M98-5 with mouse caecal extract instead of rumen fluid (Salanitro, Fairchilds & Zgornicki, 1974; Salanitro, Blake & Muirhead, 1977) ; 2) Medium 10 (M1O; Caldwell & Bryant, 1966) ; 3) Supplemented M10 with mouse caecal extract (M-SMlO; Itoh & Mitsuoka, 1980) ; 4) EG (Mitsuoka. Sega & Yamamto, 1965) ; 5) the media described by Wensinck & Ruseler-van Embden (W & E) (1971); and 6) brain heart infusion (BHI). The compositions of these media and peptone-yeastglucose medium (PYG) are listed in Table I . isobutyric, 1 ml (1·1 x 10-3 M); N-valeric, isovaleric, and DL-a-methylbutyric, 1 ml each (9 x 10-· M). 0 indicate the final concentration in 1000 ml medium ;Dow Corning Co. Ltd, 'F-20'; Tokyo, Japan jPlate-in-bottle: 0·5 g ascorbic acid and 4 g Na2C03, Petri dishes in anaerobic chamber: 0·6 g Na2C03 in M-SM1O media omitted in EG and PYG media, as well as ascorbic acid
Sampling procedures
Fresh faecal samples were collected and immediately weighed. Suspensions of these faeces (1: 100) were made in a prereduced phosphate-buffer (pH 7-2) in a homogenizer under anaerobic condition as described earlier (Mitsuoka, Terada & Morishita, 1973; Itoh & Mitsuoka, 1980 )_
Treatment of faeces with chloroform
A chloroform-treated faecal suspension (CHFfaeces) was prepared by the methods described previously (ltoh & Mitsuoka, 1980) .
Microscopic counts
Direct microscopic clump counts were made from the faeces according to the procedure described by Mitsuoka, Terada & Morishita (1973) .
Results
A comparison of the various agar media in recovering the predominant anaerobes from untreated faeces and Clostridia obtained from CHF-faeces is given in Table 2 . The highest counts per grain of 355 of fusiform-shaped bacteria failed to grow in PYG broth. Growth rate of these isolates in M-SMIO broth, EG broth and PYG were 100, 179·5 and 176·9% respectively_ 12 strains of Bacteroidaceae which were able to grow only in M-SMIO broth were tested to determine the effects of the components in M-SMIO ( Table 4 ). All of these bacteria required caecal extract. The VF A mixture and carbohydrates improved the growth of bacteria. 46 isolates obtained from CI-IF-faeces on EG agar were tested for their ability to grow in EG broth, EG broth with 250 ml horse meat infusion per litre, modified EG broth with 0·24% Lab-lemco powder instead of horse meat infusion, PYG and M-SMlO broth, all with and without carbohydrates. The only medium in which all of the isolates grew was EG, with and without carbohydrates ( Table 5 ).
Discussion
Caldwell & Bryant (1966) divided non-selective culture media for the enumeration and isolation of rumen bacteria into two types: one 'habitatstimulating' media which contained rumen fluid and Table 2 . Effects of media on recovery of bacteria from untreated faeces and chloroform-treated faeces (eHF)
Un/rea ted faeces CHF-faeces Medium
Countst ( tMean colony counts (N = 5) x JOlO/g Mean percent recovery = (culture counts/microscopiccount) x 100 §Mean colony counts (N = 5) x 10 4 /g faeces were obtained on M-SMIO and MlO, but colony counts on M-SMIO were always higher than those in MIO in each sample. W & E and BHI gave the lowest counts. There were no significant differences between CF#1 and NC mice. Table 3 shows the colony counts for each bacterial group isolated from the various agar media. The numbers of Bacteroidaceae on M-M98-S, M-SMlO and MlO, and those of fusiform-shaped bacteria on M-SMIO, MIO and EG were 3 to 4 times as many as on other media. 78 strains isolated using M-SMIO agar were tested for their ability to grow in M-SMlO, EG and PYG broth in an anaerobic chamber. All strains grew in M-SMlO broth, but 16 strains of Bacteroidaceae failed to grow in EG and in PYG broth and 2 strains small amounts of organic matter, and the other 'enriched' media without rumen fluid, which contained large amounts of organic materials such as yeast extract and peptones. The present study indicated that habitat-stimulating agar media such as M-M98-5 agar, M-SMlO agar and MlO agar were better than the enriched media for isolating and culturing the predominant anaerobic bacteria in mouse faeces, and that enriched blood agar media such as EG agar and W & E were more suitable for isolating and culturing Clostridia from chloroformtreated-faeces which contained only bacterial spores. Salanitro, Fairchilds & Zgornicki (1974) and Salanitro, Blake & Muirhead (1977) also reported that highly nutritious media were inferior to habitat-
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c.. faeces, it was low in CHF-faeces. In contrast, the number of fusiform-shaped bacteria using W & E agar was low in untreated faeces, but high in CHF-faeces. From these results, it was considered that there might be differences in bacterial species between fusiform-shaped bacteria which is the predominant bacteria type found in faeces and the fusiform-shaped bacteria which
